For interstitial solid solutions various sublattice configurations have been applied in CALPHAD-type thermodynamic assessments. To construct a thermodynamic database for multi-component systems from the assessed binary and ternary systems, one difficulty is consistency of the thermodynamic models for those phases with sublattices. Previously, to combine parameters of the different sublattice configurations for the same phase, the thermodynamic assessment would need to be repeated. In the present work, we propose a simple method to convert parameters between the different sublattice configurations and demonstrate that the present parameter conversions work well for the Al-B, C-Fe, and O-Ti binary systems. Although it is a simple conversion process utilizing the known parameters, for the case where the valid composition range is limited, the thermodynamic database can be determined for multi-component systems. Furthermore, if a reassessment is required the conversion can be used to estimate initial values for the parameter optimization.
Introduction
The CALHPAD-type (CALculation of PHAse Diagrams) thermodynamic assessments have been intensively applied to various systems since the early 70s. 1) From the assessed Gibbs energy functions of phases in the unary, binary, ternary, and higher sub-systems, various thermodynamic databases have been constructed. The procedure for compiling databases is not simple, there are many difficulties. One major difficulty is the consistency of the thermodynamic models used in the assessments. Depending on the alloy systems and assessors, various thermodynamic models have been applied for the same phase in different systems. This is particularly the case in interstitial solid solutions. Small solute atoms such as H, B, C, N and O occupy octahedral or tetrahedral interstitial sites in the host crystal structure. This type of solid solution is called an interstitial solid solution and modeled using two sublattices in the CALPHAD-type thermodynamic assessment. For example, the BCC phase with oxygen has been modeled as (Cu) 1 (O,Va) 1 , 2) (Nd) 1 (O,Va) 1.5 , 3) and (Fe) 1 (O,Va) 3 , 4) where Va denotes a vacancy. Since the interstitial sublattice (Oxygen site) has a different number of moles in these binary systems, the Gibbs energy cannot be integrated together. Thus, for a multi-component database, the CALPHAD-type assessment has to be repeated with a preferred sublattice configuration. In contrast, if the parameters in the Gibbs energy functions can be converted from one sublattice configuration to another, it would be helpful to create databases for multi-component systems. Such parameter conversions, however, have been discussed only for limited conditions 1, 5) and no general formula has been derived.
In this study, we investigated the parameter conversions between different sublattice configurations for the interstitial solid solutions and demonstrated how the obtained parameter conversions work on several binary systems. 
The sublattices are numbered from left (#1) to right (#2). In the above configuration the sublattice #1 is for substitutional elements and the sublattice #2 is for interstitial elements. The vacant lattice sites on the sublattice #2, which are not occupied by B, are vacancies (Va). Suffixes p and q denote the number of moles on each sublattice. When the B atoms prefer the octahedral interstitial sites, the ratio p : q is 1 : 3 for BCC. It is 1 : 1 for octahedral sites in FCC and HCP. For the tetrahedral sites it is 1 : 6 for BCC, 1 : 2 for FCC, and 1 : 1 for HCP. In eq. (1) there are two end-members (the compounds at both end in the given sublattice configuration) as
In this configuration the mole fraction of A is defined as
where N i is number of moles of an element i. By definition, the sum of the mole fractions is unity as x A þ x B ¼ 1. The site fraction of a constituent i on the k-th sublattice, y ðkÞ i , is given by
The sum of the site fractions of the constituent i on the k-th sublattice is unity as P i y ðkÞ i ¼ 1. From eqs. (3) and (4) the relations between the mole fractions and the site fractions can be derived as
The Gibbs energy for the configuration in eq. (1) is thus given by 6) This is unique to the interstitial solutions and is different from the substitutional solution model given in Section 4.
Conversions to the different moles of the interstitial
sublattice In this section, the relations between parameters are derived for the following conversion:
From eq. (6) the Gibbs energy of the left-hand side of eq. (7) is given by 
Substituting eq. (10) into eq. (9), and setting eq. (8) is equal to eq. (9), one can obtain
Since r º q, the site fractions, y, in eq. (8) are different from those in eq. (9) at the same composition, x A . Thus, they are differentiated as y 
Assuming that the R-K parameters can be given by
eq. (12) becomes simpler as
The first term on the right-hand side of eq. (14) is the Gibbs energy of the compound, A p 1 B q , which is given by
where
is the formation Gibbs energy of the compound, A p 1 B q , from the pure-A and pure-B. G B m is the Gibbs energy of pure B for 1 mole of atoms. Substituting eq. (15) into eq. (14), it becomes G
This equation shows that in this conversion, the Gibbs energy of the new end-member A p 2 B r in the p 2 : r configuration is estimated as the third term in the right-hand side. If it is not a good estimate, one can add an adjustable term, "G, as
This modification by "G affects on the Gibbs energy in the dilute region (x B ¹ 1). To compensate this contribution the R-K parameter (n = 0) in the excess Gibbs energy has to be given by
In Fig. 1 , the Gibbs energy in the conversions in 1 : q (q = 1, 1.5, 2, 3 and 6) is presented as a function of x B . The parameters used in the calculations are indicated in the figure.
In the A-rich region, these functions can be converted successfully, while the B content increases the differences in the conversions become significant.
2.3
Conversions of the preferential site of the solute elements In this section, it is derived that the relations between the parameters in the two different configurations in eq. (19). This conversion is useful for elements such as B and O, which have been modeled as both interstitial and substitutional element.
ðA,BÞ 1 ðVaÞ q ) ðAÞ 1 ðB,VaÞ q ð19Þ
The preferential site of B is the substitutional site in the left configuration (substitutional solution), while it is the interstitial site in the right (interstitial solution). The Gibbs energy of the substitutional solution, G sub m , is given by
The Gibbs energy of the interstitial solution is given by eq. (6) as 
The Gibbs energy of the pure A is equal in these equations as 
It is worth noting that in this conversion the sign of the R-K parameters has to be changed in some systems because it is given in alphabetic order. For example, in the case of ðAl,BÞ 1 In the A-rich region, these functions can be converted successfully, while B content increases the differences become significant.
Importance of "G in the conversions
It is worth emphasizing the "G term in the parameter conversions derived in previous sections. For the sake of simplicity, the Gibbs energy of the 1 : 1 interstitial solution is given by 
From eq. (27), the contribution of "G is negligible in the low-B range (dilute solution). In most cases, the solubility of interstitial elements is limited and the end-member, AB, is metastable. Hence, the Gibbs energy has to be determined from the only experimental data of the dilute solution. In Fig. 3 , the Gibbs energy is calculated for various "G. Even though the "G is largely different, there is no significant difference in the shaded area (low-B). This fact suggests that it is difficult to optimize both L A:B to experimental data only from dilute solutions. This may become apparent when it is extrapolated to multi-component systems.
Results and Discussion

Parameter conversions in the C-Fe system
In this section we demonstrate how the conversion works for actual systems. The Gibbs energy functions of the phases in the C-Fe binary system were taken from the assessment by Andersson 8) and Gustafson 7) where the authors applied 1 : 3 for the BCC. The end-member, BCC-FeC 3 carbide, is metastable due to the strong repulsive interaction between carbon atoms in the 1 nn position. The interaction energy can be estimated from the empirical equation, 9) u CC ¼ þ1856 expðÀ35:75r CC Þ, eV Pair ¹1 where u CC is the interaction energy between carbon atoms in the distance r CC (nm). It is +11 eV/pair for the 1 nn pairs and +5 eV pair ¹1 for the 2 nn pairs where the positive value indicates a repulsive interaction. These large repulsive interactions mean that only 1/3 of the octahedral sites can be occupied by carbon atoms in the BCC structure and that the formation enthalpy of the FeC 3 carbide is a large positive value. Accordingly in the assessment 7) it is +322050 + 75.667T (J(mol of unit formula) ¹1 ). In contrast, the R-K parameter, L We used the projected augmented wave method 10, 11) as implemented in the Vienna Ab initio Simulation Package (VASP). 12, 13) The exchange correlation energy was calculated within the generalized gradient approximation.
14) The free energy was minimized over the degrees of freedom of both the electron density and the ionic positions. The relaxation of the structural parameters was performed using the conjugategradient iterative technique. The cut-off energy for the plane wave expansion was taken as 267.9 eV for BCC-FeC and BCC-Fe, and 400.0 eV for diamond-C. Brillouin zone integrations were performed using a set of 12 © 12 © 12 kpoints for FeC and diamond-C, and 31 © 31 © 31 for BCCFe. For the BCC-Fe the ferromagnetic state was taken into consideration. The formation enthalpy, E f (FeC), was estimated from E f (FeC) = E(FeC)E(Fe)E(C) where E(x) is the total energy of x and E(C) is for Graphite given by adding the energy difference (¹0.017 eV·atom ¹1 ) to the total energy of Diamond.
15) The formation enthalpy of BCC-FeC 3 is +207 kJ(mol of atoms)
¹1 from ab initio calculations, which is largely different from +81 kJ(mol of atoms) ¹1 in the assessment. 7) For FCC-FeC the difference is much smaller, +54 kJ(mol of atoms)
¹1 from the ab initio calculation and +39 kJ(mol of atoms)
¹1 from the assessment. 7) Since carbon can fill the FCC lattice up to 9 at%, the Gibbs energy function in the assessment is a good estimate, whereas it may have a large error in the parameters of the BCC system since carbon solubility is limited. Firstly, to reproduce the formation enthalpy of the BCC-FeC 3 from ab initio calculations, we introduced "G = +126 kJ(mol of atoms) ¹1 . Secondly, the parameters were converted to the 1 : 1 model. The phase diagrams before and after the conversion are presented in Figs. 4(a) and (b) . The present conversion of the interstitial site is presented in Fig. 4(c) . There is no significant difference between the phase diagrams. The invariant reactions with the BCC phase before the conversion are LIQUID(2.41 at%C) + BCC(0.43 at%C) § FCC(0.79 at%C) at 1768 K and FCC(3.44 at%C) § CEMENTITE + BCC(0.09 at%C) at 1000 K. After the conversion, they become LIQUID(2.37 at%C) + BCC(0.41 at%C) § FCC(0.79 at%C) at 1768 K and FCC(3.44 at%C) § CEMENTITE + BCC(0.09 at%C) at 1000 K. The Gibbs energies of the phases at 500 K are presented in Fig. 4(d) . The Gibbs energies in the dilute region do not change after the parameter conversion, although it changes in the high C region. It has to be emphasized that, for more elaborate representations of the phase equilibria with the 1 : 1 model, a reassessment is necessary for which eqs. (13) and (14) may provide good starting values.
Parameter conversions in the O-Ti system
The Gibbs energy functions of the phases in the O-Ti binary system were taken from the assessment by Canacarevic et al., 16) where the BCC phase was modeled as (Ti) 1 (O, Va) 1 . Thus, the conversion is ðTiÞ 1 ðO,VaÞ 1 ) ðTiÞ 1 ðO,VaÞ 3 . The phase diagram obtained in their assessment is presented in Fig. 5(a) . After the parameter conversion, BCC single phase regions (shaded areas) extend widely as shown in Fig. 5(b) . This is due to the stabilization of BCC phase after the conversion. In Fig. 6 , the Gibbs energy of the phases in the O-Ti system at 1000 K is presented. Before the conversion, the BCC phase (1 : 1) covers x B = 0³0.5, while x B = 0³0.75 after conversion to 1 : 3. The Gibbs energy at the BCC-TiO 3 is lower than the stable tie-line of Gas-Rutile. As explained in the previous section, the interaction between the O-O pairs on the octahedral site in the 1 nn 2 nn distance is expected to be large repulsive; consequently a large positive value of the "G is necessary to make the BCC-TiO 3 metastable. In the present calculation, "G = +137.5 kJ(mol of atom) ¹1 improves the diagram as presented in Fig. 5(c) .
Parameter conversions in the Al-B system
The Gibbs energy functions of the phases in the Al-B binary system were taken from the assessment by Mirkovic et al., 17) where Boron in FCC was modeled as an interstitial solute element. Thus, the conversion is ðAlÞ 1 ðB,VaÞ 1 ) ðAl,BÞ 1 ðVaÞ 1 . The phase diagram obtained in their assessment is presented in Fig. 7(a) . Using eq. (25), the preferential site of B atoms was converted from the interstitial site to a substitutional site. After the parameter conversion the phase diagram is reproduced satisfactorily, as presented in Fig. 7(b) . The Gibbs energy of the phases in this system is presented in Fig. 7(c) . The Gibbs energy of the FCC after the parameter conversion is almost the same as that before conversion.
Conclusions
In this work the interdependencies of the sublattice models with the different moles on the interstitial sublattice were Fig. 6 Gibbs energy of the BCC, Gas and compound phases in the Ti-O binary phase diagram at 1000 K.
